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B Physics Today
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B Physics at Hadron CoIIideIs

&

Tevatron . LHC
< Energy 2 TeV S 14 Tev

¢ bcross section ~100ub ~500 ub
© ccross section ~1000ub ~3500 ub
< b fraction 2x103 ' 6x10-3

. Inst. Luminosity 2x1032 >2x1032
2 Bunch spacing 1 f‘ 25 ns

< Int./crossing <2 <1>

© Luminous region 5.3 cm

1 il

8 Cross sections
Triggering is an issue
BRIPb=hadrons produced (B, B,, B_, b-baryons)
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Detector Requirements

0p Interaction

primary
vertex

B decay distance B momentum

!

s
proper time: t

*Trigger, trigger, tr 1G9
e\ertex, decay di
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Forward vs. Central Geometry

Multi-purpose experiments require e £
large solid angle coverage. @ p T DR

Dedicated B experiments can take
advantage of e , -

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

eta of B-hadron




The BTeV Detector
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Pixel Vertex Detector

e Superior signal to noise

e Excellent spatial resolution -- 5-10
microns depending on angle, etc

e Very Low occupancy

o Very fast

» BTeV Basel i ne Pi xel Detector
: Doubl et position

fixe = al ong beam
e Radiation hard - ST /
et e R —
N i l2Cm,
Scm ; ¢
: L 3l
g | Pi xel Orientation N
e It is used directly in the L1 | |

 Pulse height is measure
every cljannel _\Nlth s i A
e It is inside a dipole an £ Beam hol e
crude standalone |

. El evetri ~» Vi ~wy
o
\ > 10 of 31 Doublet Stations
4,25
cm
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The Pixel Detector 11

Half-Station Assembly

| E’{ 225 r}:nws X
COILFNG
50 uum Systemr - ...
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Level 1 vertex trigger archi_teture

b
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'PGA segment trackers
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Switch: sort by crossing number

track/vertex farm

\ 4 \ 4 \ 4

(~2500 processors)
00000000 00

Merge

Trigger decision to
Global Level 1
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L1 vertex trigger algorithm

» Generate Level-1 accept if >7 “detached” tracks in the BTeV pixel detector
satisfy:

=025 (GeV/c)?
b>mo
b S 02 cm B—meson/
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Efficiencies and Tagging

Trigger Efficiency-Minimum Bias Events
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E ~OOO: + 1 track —
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¥
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08— * oy
< * +
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Impact Parameter in units of o

€ For a requirement of at least 2 tracks
trigger on only 1% of the beam cr

Decay efficiency(%)

B°—>K'r 63

Be—JwK, 50

B, > J/yK* 68

Be—>K'y 40
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The Physics Goals

© There is New Physics out there:

[ =]
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©B Experiments at Hadron Collic

£ Perform precision measuren en
small model dependence.

£ Search for New PhYSJCI.
> Search for New P ics
> Help interpret ew res
. Complete a broac

ay processes, B's, polarization, Dalitz plots, QCD...
eptonic decays including A,

o ) & ¢ quark Production
s Structure: B(s) spetroscopy, b-baryon states

> B decays
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Importance of Particle Identification

——

00 -
-
l.. i
r
' - A m Liquid
B
L =) : i
200 | % 400K 0 e p _ '[
| | c |
I 7 | © ;
E | 3 :
I 2 X [ 4
[ [ :
: 77 Bt
DY A i v s . e W - o I | :
Cor 55 5z 525 n5  nm se 54 sd| O 200f Gas
- Gev/et 3 ]
Dyl :
\ y CiFio fi
C 10 20 30
Momentum (Gev/¢)
. s

FPCP 2003
K. Honscheid
Ohio State




FPCP 2003
K. Honscheid
Ohio State

Measuring o Using B°—pn — ntnn°

@ A Dalitz Plot analysis gives
both sin(2a) and cos(2a.)
(Snyder & Quinn)

© Measured branching ratios are: Nearly empty

2 B(B—p°r) = ~10° 53 (p polarization)
2 B(B°oprnt + pta) =S e
e B(B°—>p°n°) <0.5x107

@ Snyder & Quinn showed that
1000-2000 tagged events are
sufficient

¢ Not easy to measure M

© 1% reconstruction
Dalitz Plot for Bo—pn

€ Not easy to analyze
& 9 parameter like



Yields for B°—>p7t

@ Based 9.9x10° background events
©B°—ptr

5400 events, S/B = 4.1 S 20 N
€ B°—pOr® d, 2178
/80 events, S/B = 0.3 ¥ Bo—>pOn®

d .. Signal

75}

50 F

25

\\\\\ B

5 6 7 4 5 6 7
' ’—mass, GeV/c? ' ’—mass, GeV/c’
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Our Estimate of Accuracy on o

€ Geant simulation of B°—pmr, (for 1.4x107 s)

non-resonant

g on-PT bkgrd

a(gen) R Roon a (recon)  Aa
77.3° 0.2 0.2 77.2° 1.6°
77.3° 0.4 0 77.1° 1.8°

93.0°
93.0°
111.0°
111.00

0.2
0.4
0.2
0.4

0.2
0

93.3¢
93.3°
111.7°

110.4°

1000 B°—pm signal + backgrounds
With input a=77.3°

ey =8 50
resonant &
non-p7 bkgrd



Electromagnetic Calorimeter

i
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e Can the detector survive the high radiation

e Can the detector handle the rate and occupe
e Can the detector achieve adequate angle
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PbWO, calorimeter

s
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e Developed by CMS for use at

e Large granularity

|
SRS

I'-
"l L
-

Block size 2.7 x 2.7 x 22 ¢
~11000 crystals
e Photomultiplier readout

gy

. p

* Pre-amp based on QI

..._.I_.I__I..__I_._Ii.

¢

e Energy resoluti

_.r
¥

3

Stochastic terr

[ = =
lnllh...llwh..l.".l.wh_.“..l

A ‘;‘.‘.‘.‘.“hﬂ

._llrl.llullllll.lulrlr.

s

r

____

Consta
e Positior

_ 3526 um /~E ©217um

(2]
(=]
(=]
N
o
O
[
(T

me
(0]
S8
0 un
52
5
]




Electromagnetic Calorimeter Tests

e

China’s Shanghai

- - =aid b/vVE @ c/E
: - =035 E0102%
. Resc_JI_utlon (energy an [ i s
position) close ’il. X[ - 2.440.2%
-

* This system car

CLEO/BaBar/E

performance o8 ST

environmel ” Pl L,
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Rare b Decays

© Search for New Physics in Loop diagrams 1

= New fermion like objects -
in addition to t, c or u '

2 New Gauge-like objects
in additionto W, Z or g

®© Inclusive Rare Decays |nclud|
£ bosy |
2 body
€ bsiti-
€ Exclusive Rare De z)!
& Bopy, Ky
& BosK*etp=
Dalitz plot & po

il

_l'

-.‘-' »

0 HmgWymi
-0.10 0.05

generatex
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Polarization In B°—)K*°u !J

"

€ BTeV data compared to Burdman et al calculation

[

=)

(B — K" w* w)/ds -
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o©

dKFB
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Dilepton invaria it ma
forward-backwa
discrimina iﬂ. C

various s IPE
(Ali, Lunghi

n B *
Al et. al, hep-ph/9910221 e O]
1 1 1 I 1 1 1 I 1 1 1 1 1 1 1

2 4
s [GeVv?]

.,

.1 Yo e‘year for K*¢*/-, enough to determine if New Physics is present

K. Honscheid
Ohio State




Muon System

€ Provides Muon ID and Trigger

= Trigger for interesting physics
states

® Check/debug pixel trigger support ribs gas manifold
© fine-grained tracking + toroid

© Stand-alone mom./mass trig.

2 Momentum “confirmation”

€ Basic building block: Proportional
tube "Planks” |

toroid(s) / iron ~

track from IP / \ 2.4m
L half
\ height

To beam center _1m = 1 m 30

g
f
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Summary

© Heavy quark physics at hadron colliders pre

unique opportunity to

© measure fundamental parameters of the Standat

only small model dependence - :

© discover new physics in CP violating amplit

© interpret new phenomena found elsewt
« e d

o

© Some scenarios are clear ¢

= This program requi
BTeV with

> an efficient, un Dias

¢ asuperb

> good parti

¢ excell
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Physics Reach (CKM)

Error or

(Value)
80
(75)
0.017
~0.5
137
0.024
5,400
780 0.3 a ~40
# of S/B Parameter Error
Events
4,600 1 <40 +
62,100 20 Y Theory err.
14,600 3 | Asymmetry 0.030
18,900 6.6 | Asymmetry 0.020
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A simplified trigger comparisop_

High p,, high E.

Impact parameter 1 MHz 1.6 MHz
Decay topology 80 kHz
Physics algorithms 40 kHz
To tape 200 Hz 4 KHz
" Rate of events with visible collisions

ATLAS CMS
Muon trigger 40 MHz 40 MHz
Jhy—> Ft, D~ ¢n, B> 23kHz
Physics algorithms 1 kHz 4 kHz
To tape 10 Hz 10 Hz

From U. Egede
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File Control Setup Measure Analyze Utilities Help

250 Hials #vgz: 25R
ﬁy ig' G

Mominal 3260e- channel R before and After
33 Mrad..

after 33 Mrad
(10 years, worst
case, BTeV)

777777777777777777777777 A‘ o ol=lE rs/civ [0 [Nl 2 235455, (K1Y T 1202v [
Analog output of pixel amplifier before
and after 33 Mrad irradiation.

0.25p CMOS design verified radiation
hard with both y and protons.

G2 6.5 0.4 0%

0.6
Track angle (mr) 0Ck Angle (rad)
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Forward Tracker
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HPD Schematic for BTeV RICH
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Pulse Height from
163 pixel prototype

HPD. Note pedestal,
1, 2, 3 pe peaks
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Prop Tube Planks

€ Basic Building Block: Proportional Tube “Planks®

™
L)

FPCP 2003
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Ohio State

3/8" diameter Stainless steel
tubes (0.01” walls)

30 u (diameter) gold-plated
tungsten wire

Front-end electronics: use
chips, modified

card

Try “DO0 fast gas”

or

support ribs gas manifold
pp old

Top View



Plank Cosmic Ray Tests

L | Cosmic Ray Test Stand

FPCP 2003
K. Honscheid
Ohio State




BTeV Data Acquisition Architecture

BTeV detector

7.6 MHz @ 800 GB/s .

Level-1 o)
| L1 muon [] Global
Level-1

Pl L1 vertex [P

L1 rate reduction: ~1/100

Control Hardware

Information Transfer GL1 accept
A

Req. data for
crossing #N

y Crossing #N| &
RDY

ITCH

L2/3 rate reduction: ~1/20

> Level-2/3 Processor
#1
Farm
#2

Level-2/3 Buffers

#m

= |

&
ot b

Data Logging

4KHZI j
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PbWO, Calorimeter Properties

Property
Density(gm/cm?)
Radiation Length(cm)

Value
8.28
0.89

Interaction Length(cm) 22.4

Light Decay time(ns)
(3components)

Refractive index
Max of light emission
Temperature
Coefficient (%/°C
Light output/Na(T1)(%
Light output(pe/Me
into 2” PMT

5(39%)
15(60%)
100(1%)

23&

mw 1
‘H’

iy L
Il

™

=
=

Value

block size
glth
i -. on _Length
‘end Electronics
er dimension
Energy Resolution:
Stochastic term
Constant term
Spatial Resolution:

5\

Outer Radius

Total Blocks/arm

2.7cm X 2.7 cm
22 cm
25
PMT
+/-9.8cm (X,Y)

1.8% (2.3%)
0.55%
o =3526 um/~E
@217m
140 cm--215 cm

$ driven
11,500
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